Abstract: Firstly, the main factors are obtained by use of dimensionless analysis. Secondly, the time scaling factors in centrifuge modeling of bucket foundations under dynamic load are analyzed based on dimensionless analysis and controlling equation. A simplified method for dealing with the conflict of scaling factors of the inertial and the percolation in sand foundation is presented. The presented method is that the material for experiments is not changed while the effects are modified by perturbation method. Thirdly, the characteristic time of liquefaction state and the characteristic scale of affected zone are analyzed.
INTRODUCTION
A suction bucket foundation is a closed-top steel tube that is lowered to the seafloor, allowed to penetrate the bottom sediments under its own weight, and then pushed to full depth with suction force produced by pumping water out of the interior. In recent years, suction bucket foundations have been used increasingly for gravity platform, jackets, jack-ups etc. [1, 2] . They also have the potential of being used for several other purposes, such as offshore wind turbines, subsea systems and seabed protection structures [3] [4] [5] [6] . The first advantage of suction bucket foundation is the convenient installation and reusability. For example, a suction bucket foundation with a diameter of 9m and a height of 10m can be installed in 1~3 hours, only by using a pump. The second advantage is that it may mobilize a significant amount of passive suction during uplift under some conditions, although the mobilization of suction depends mainly on the load rate and recommendations are actually to not rely on the suction for design [7] . Despite studies of the installation and bearing capacity, the detail responses of the suction bucket foundations under dynamic loads remain unknown [8] [9] [10] . The dynamic load condition is significant when suction buckets are used as the foundation of an offshore structure. Wave load, ice-induced or wind-induced load cause the foundation to suffer cyclic loads [11, 12] . This requires a test program to gain a deeper understanding. Prototype tests need considerable expense and time. Thus they are unpractical. But it is much easier to change parameters in small scale tests. The soil type may be varied in these cases. The dimensions of the suction bucket and other process parameters may be varied conveniently also. Nevertheless, in a small scale test, the problems arise concerning the stress-dependent behavior of soil that the measured loads are so low that meas *Address correspondence to this author at the Institute of Mechanics, Chinese Academy of Sciences, 100190, Beijing, China; Tel: 861082544192; E-mail: zxh424@163.com urements are not sufficiently accurate to visualize differences in design. Because the soil behavior depends on stress, small scale model tests can not exhibit the same responses. These restrictions can be overcome by tests in a geotechnical centrifuge. Centrifugal tests are "model" tests in that the results can be scaled up to the size of full-scale buckets. The main reason to select centrifugal test is for the proper modeling of body forces, which are critically important for the full-scale prototype geotechnical problem, and for the capability of investigating both undrained and partially drained conditions.
The scaling law is very important in centrifugal experiments. Especially the conflict time scaling factors should be considered if the problem is related to the consolidation and dynamic load.
In this paper, dimensionless analysis is used to obtain the main factors affected the dynamic responses of the bucket and the soil layer surrounding the bucket. Some characteristic parameters, such as the time to arrive at the liquefaction state and the characteristic scale of affected zone, are obtained by theoretical analysis. The theoretical results are compared with the centrifugal experimental results.
DIMENSIONLESS ANALYSIS The Scaling Analysis
Dimensionless analysis is often used for simplifying experiments and numerical simulations, and also for obtaining the main factors.
The controlling factors here include the parameters of soils, pore water, bucket and load.
(1) The parameters of soils: multilayered soils have a set of parameters for each layer. The unknowns are the bearing capacity 1 P , displacement of bucket U and the pore pressure p . The relations between the controlling factors and the unknowns can be expressed as: 
Similarity of Geometry
According to the analysis above, it is easy to see that in experiments, the scaling laws of suction bucket foundations under dynamic load are difficult to satisfy fully. That means, if only the size of geometry changes while the materials does not changes, not all similar parameters can be satisfied, except for the experiments of full size. Nevertheless, it can be solved partly if centrifugal experiments are adopted. In centrifugal experiments,
, L is a length. Assuming that the materials (soils and water) do not change, the similarity conditions are as follows: 
The following relation is difficult to satisfy:
. In other words, although the similarity of gravity may be satisfied in centrifugal experiments, the similarity law of geometry can not be satisfied.
The Method for Simplifying the Controlling Parameters
Momentum equilibrium equation are as follows: (12) in which ( ) ( ) ( ) satisfy the scaling law. Therefore, it is the key problem to deal with the similar simulation of these two parameters for sand foundation. Now, we compare the characteristic time of the permeability, inertial and load duration.
Characteristic time of percolation is ( ) Now, it can be seen that: (1) The load cycle is small compared with the percolation characteristic time, thus the inertial movement and percolation can be decoupled. (2) The total load duration is bigger than that of the characteristic time of percolation and the load cycle when the frequency is relatively high. Thus the effects of percolation in the early stage are small. That is say, even if the permeability and the load cycle do not satisfy the scaling law fully, the final responses of soil layer and the pore water are still close to the real value which need only modified by perturbation method if the frequency is relatively large. 
THE DURATION TO ARRIVE AT THE STABLE STATE UNDER DYNAMIC LOAD

Let
The wave velocity is ( )
The affected zone can be determined by the following equation c = (14)
In Fig. (1 (The block dots are obtained from centrifugal experiments, the other dots are obtained from small scale experiments.) Now, we can solve the character time that arrives at the stable state. Assuming L is the character length, μ is the viscosity of water, k is the permeability, u is the character displacement, thus the pore pressure p , effective stress e and inertial force d can be expressed as
the applied force. Therefore, the equilibrium equation of force can be expressed as follows:
The frequency is as follows at ( ) 0 μ . According to the data in experiments, the theoretical time to arrive at stable state is about 2 hours which is close to the experimental value [6] .
VERIFICATION
To verify the above theoretical results, experimental results are compared with that of theoretical results. First, the development of the excess pore pressure and the displacement of bucket with time are investigated, secondly, the time to arrive at the stable response state in experiments is compared with the theoretical value.
It is shown that from Figs. (2) and (3) the excess pore pressure increases to the maximum at the first stage once the load is applied and then decreases gradually to a relative stable state. The settlement of the bucket increases to the maximum gradually. It indicates that the responses of the bucket and the soil layer will arrive at a relatively stable state under long-term dynamic load. Figs. (4) and (5) show a planform and a section of affected zone after experiments. It is shown that there exists an affected zone with finite range under long-term dynamic load. The settlement and the density of soil increase inner the zone. The characteristics of the load and the permeability can only affect the midcourse of the bucket and the soil around the bucket, but not the final state. Fig. (6) shows the comparison of development course of the pore pressure and the bucket's settlement. It is shown that the bucket settles small (20% of the total settlement) during the increase of pore pressure. The settlement of bucket increases to the maximum during the pore pressure decreases to the stable state. Therefore, only if the duration of load is enough, the settlement will develop to the maximum. The maximum of settlement does not change with permeability. 
CONCLUSIONS
Under the dynamic load with relative high frequency (such as 1.0Hz), the load cycle is a small value compared to the percolation time. That means, the inertial response is a fast process, while the percolation is a slow process. Therefore, the percolation and the inertial processes can be uncoupled. If we consider only the long-term responses but not the midcourse responses, the scalinng law of the percolation and the inertial need not be satisfied strictly and simultaneously when the load frequency is relatively large.
Main factors of bucket foundations are obtained by dimensionless analysis. A simplified method for the similarity simulation of permeability in centrifugal experiments is presented. The multi-scale asymptotic expansion method is used to analyze the characteristic time and the characteristic scale of the affected zone of the soil layer surrounding the bucket foundation under long-term dynamic load.
